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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2010-
169574, filed on 28 Jul. 2010, the entire contents of which are
incorporated herein by reference.

FIELD

The present invention is related to a semiconductor device,
in particular, the present invention is related to a semiconduc-
tor device which includes a heat dissipation component which
dissipates heat being generated when operating a semicon-
ductor element.

BACKGROUND

Recently, high speed operation of semiconductor devices is
being demanded together with high functionality of the elec-
tronic devices which use these semiconductor devices which
leads to an increase in the amount of heat being generated
when operating a semiconductor element. Because operation
errors occur due to an increase in the temperature of a semi-
conductor element when operating the semiconductor ele-
ment, operation reliability decreases and therefore, a means
for dissipating the heat generated when operating the semi-
conductor element is required.

A cross sectional view of a conventional semiconductor
device which is not mounted with a heat dissipation compo-
nent is shown in FIG. 1.

In the conventional semiconductor device 10, a semicon-
ductor element 3 is mounted on a substrate 1 with an adhesive
2 and the semiconductor element 3 is connected to the sub-
strate using a bonding wire 4 made from a material such as Au
or Cu etc. The periphery of the semiconductor element 3 is
molded by a mold component 5 having epoxy etc. as its main
raw material. In the semiconductor device 10, heat which is
generated when the semiconductor element 3 operates is ther-
mally conducted to the mold component 5 on the semicon-
ductor element 3 and dissipates by thermal conduction to the
air from the surface of the mold component 5.

In addition, in FIG. 2 or FIG. 3, a method is shown for
improving the heat dissipation of semiconductor devices 20,
30 by mounting a heat dissipation component 7, 31 comprised
from metal etc. on the surface of the mold component 5, and
increasing the thermal conductivity of the mold component
by about 3 [W/mK]. Heat resistance of a semiconductor
device decreases by about 10-15% in a semiconductor device
which includes this heat dissipation component compared to
a semiconductor device which does not include a heat dissi-
pation component.

In Patent Document 1 (Japan Laid Open Patent 2007-
305761) an example is shown whereby a heat dissipation
plate is attached to a semiconductor element by a conductivity
paste and an upper surface side of an edge part of the heat
dissipation plate is supported by a heat dissipation plate push
part. In this example, heat generated from the semiconductor
element is conducted to the heat dissipation plate by the
conductivity paste and dissipates from a thermal conduction
means such as a heat sink arranged on the heat dissipation
plate to the air.

In addition, in Patent Document 2 (Japan Laid Open Patent
2001-210761) an example of shown whereby a sheet shaped
heat dissipation plate is arranged by an adhesive on the semi-

10

20

30

40

45

2

conductor element so as to cover the semiconductor element.
In this example, heat generated from the semiconductor ele-
ment is conducted to the heat dissipation plate by the adhesive
and dissipates by thermal conduction to the air from the heat
dissipation plate.

However, environments in which a heat sink is not or can
not be mounted on a semiconductor device are increasing due
to the increasing thinness and small scale of recent electronic
devices, and a means for further reducing the temperature of
a semiconductor element, that is, reducing the heat resistance
of a semiconductor device in such environments, is being
demanded. As such a means, in a semiconductor device
mounted with heat dissipation components 7, 31 comprised
of' metal etc., on the surface of a mold component so as to be
exposed to the air as in the conventional semiconductor
device shown in FIG. 2 or FIG. 3, the mold component 5 with
athickness of tens of [um] to hundreds of [um] is sandwiched
between heat dissipation components 7, 31 and the semicon-
ductor element 3, the thermal conductivity of the mold com-
ponent 5 is about 0.5-3 [W/mK] which is a low thermal
conductivity compared to metal etc., therefore heat resistance
is large and the heat generated from the semiconductor ele-
ment 3 does not diffuse sufficiently within the mold compo-
nent5. In addition, in the conventional semiconductor devices
20, 30 mounted with heat dissipation components 7, 31 which
are exposed to the air, because the heat dissipation area up to
the heat dissipation components 7, 31 which allow heat gen-
erated from the surface of the semiconductor element 3 to
dissipate is limited, sufficient heat dissipation effects can not
be obtained from the surface of the semiconductor device.

Therefore, heat is not sufficiently dissipated from the sur-
face of the semiconductor devices 20, 30 having this conven-
tional structure, and is limited as a means for reducing the
temperature of the semiconductor element 3.

The present invention aims to effectively diffuse heat gen-
erated when a semiconductor element operates within a mold
component, improve heat dissipation of a semiconductor
device and reduce heat resistance.

SUMMARY

The semiconductor device related to the present invention
includes a substrate, a semiconductor element arranged on the
substrate, a heat dissipation component arranged on the semi-
conductor element, and a mold component covering an upper
part of the substrate, the semiconductor element and the heat
dissipation component, wherein an area of a surface arranged
on the semiconductor element of the heat dissipation compo-
nent is larger than an area of a surface on which the heat
dissipation component of the semiconductor element is
arranged.

In the semiconductor device related to another embodi-
ment of the present invention, the heat dissipation component
may be comprised of a one or plurality of stacked parts.

In the semiconductor device related to another embodi-
ment of the present invention, a side surface of the heat
dissipation component may have bumps.

In the semiconductor device related to another embodi-
ment of the present invention, a side surface of the heat
dissipation component may have a flat shape.

In the semiconductor device related to another embodi-
ment of the present invention, the heat dissipation component
may be fixed on the semiconductor element by an adhesive.

In the semiconductor device related to another embodi-
ment of the present invention, the heat dissipation component
may be fixed on a semiconductor element which is stacked on
a semiconductor element by an adhesive.
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In the semiconductor device related to another embodi-
ment of the present invention, the heat dissipation component
is fixed on a spacer which is stacked on the semiconductor
element by an adhesive.

In the semiconductor device related to another embodi-
ment of the present invention, the adhesive may be grease.

In the semiconductor device related to another embodi-
ment of the present invention, the adhesive may be a thermal
interface material.

In the semiconductor device related to another embodi-
ment of the present invention, the adhesive may be a paste.

In the semiconductor device related to another embodi-
ment of the present invention, a surface of the heat dissipation
component which is arranged on the semiconductor element
may be not flat.

In the semiconductor device related to another embodi-
ment of the present invention, a surface of the heat dissipation
component which is arranged on the semiconductor element
may include bumps.

In the semiconductor device related to another embodi-
ment of the present invention, a surface of the heat dissipation
component which is arranged on the semiconductor element
may include slits.

In the semiconductor device related to another embodi-
ment of the present invention, a surface of the heat dissipation
component which is arranged on the semiconductor element
may include holes.

According to the present invention, it is possible to effec-
tively diffuse heat generated when a semiconductor element
is operated, within a mold component, improve heat dissipa-
tion of the semiconductor device and reduce heat resistance
by burying a heat dissipation component within a mold com-
ponent in the semiconductor device, the heat dissipation com-
ponent having a smaller area than a conventional heat dissi-
pation component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view which shows a semicon-
ductor device which is not mounted with a conventional heat
dissipation component;

FIG. 2 is a cross sectional view which shows an example of
a semiconductor device which is mounted with a conven-
tional heat dissipation component;

FIG. 3 is a cross sectional view which shows an example of
a semiconductor device which is mounted with a conven-
tional heat dissipation component;

FIG. 4 (A) is a plane view which shows a general structure
of'a semiconductor device related to a first embodiment of the
present invention.

FIG. 4 (B) is a cross sectional view of the line A-A' in FIG.
4(A);

FIG. 5is a cross sectional view related to a second embodi-
ment of the present invention;

FIG. 6 is a cross sectional view related to a third embodi-
ment of the present invention;

FIG. 7 (A) is a cross sectional view related to a fourth
embodiment of the present invention;

FIG. 7 (B) is a cross sectional view related to a fourth
embodiment of the present invention;

FIG. 8 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;
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4

FIG. 9 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;

FIG. 10 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;

FIG. 11 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;

FIG. 12 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;

FIG. 13 is a plane view which shows an example in which
the external shape of a heat dissipation component of the
semiconductor device related to another embodiment of the
present invention is changed;

FIG. 14 is a diagram which shows the results of changing
both the thickness of a heat dissipation component and length
of'one side of the heat dissipation component in the semicon-
ductor device related to an embodiment of the present inven-
tion and analyzing heat resistance 0 ja;

FIG. 15 is a diagram which shows heat resistance 0 jc inthe
case where both the length and thickness of one side of'a heat
dissipation component is changed in the semiconductor
device related to an embodiment of the present invention;

FIG. 16 is a diagram which shows the area ratio of a heat
dissipation component with respect to the area of a semicon-
ductor element which has the same 6 ja level as a conventional
semiconductor device in the case where both the thickness of
the heat dissipation component and the heat conduction rate
of a mold component are changed in the semiconductor
device related to an embodiment of the present invention;

FIG. 17 is a chart which shows numerical values of each
plot shown in FIG. 14;

FIG. 18 is a chart which shows numerical values of each
plot shown in FIG. 15;

FIG. 19 is a chart which shows numerical values of each
plot shown in FIG. 16;

FIG. 20 (A)is a plane view which shows a general structure
of a semiconductor device related to a sixth embodiment of
the present invention; and

FIG. 20(B) is a cross sectional view of the line B-B' in FIG.
20 (A).

DESCRIPTION OF EMBODIMENTS

The embodiments of the present invention will be
explained below while referring to the drawings. Further-
more, the same structural elements have the same reference
numerals and overlapping explanations between embodi-
ments are omitted.

First Embodiment

A semiconductor device related to the first embodiment of
the present invention will be explained while referring to the
diagrams.

(Structure of the Semiconductor Device)

FIG. 4 (A) and FIG. 4 (B) show general structures of a
semiconductor device 100 related to the first embodiment.
FIG. 4 (A) is a plane view which shows a general structure of
the semiconductor device 100 and FIG. 4 (B) is a cross sec-
tional view of the semiconductor device seen from the line
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A-A'in FIG. 4 (A). In FIG. 4 (A) and FIG. 4 (B), the semi-
conductor device 100 is arranged with a substrate 101, a
semiconductor element 103 arranged on the substrate 101 by
anadhesive 102B, aheat dissipation component 107 arranged
on the semiconductor element 103 by an adhesive 102A, and
a mold component 105 covering the upper part of the sub-
strate 101, the semiconductor element 103 and the heat dis-
sipation component 107.

As a method of manufacturing the semiconductor device of
the first embodiment, first, the heat dissipation component
107 is mounted on the upper surface of the semiconductor
element 103 mounted on the substrate 101 by the adhesive
102A made from Ag paste for example. The adhesive 102A is
not limited Ag paste, and while a sheet shaped paste can be
used, a material having as high a thermal conductivity as
possible is preferred. In addition, a material having a higher
thermal conductivity than the mold component 105, for
example, Cu etc., is used in the heat dissipation component
107. Apart from Cu, a metal or ceramic can also be used for
the material of the heat dissipation component 107. By mold-
ing the semiconductor element 103 and the heat dissipation
component 107 with the mold component 105 on the sub-
strate 101 manufactured in this way, the semiconductor
device 100 with the dissipation component 107 buried with
the mold component 105 is manufactured. The mold compo-
nent 105 may also be comprised of a resin.

As is shown in FIG. 4 (A), the heat dissipation component
107 is formed with a larger area than the area of a heat
generating surface (upper surface in the diagram) of the semi-
conductor element 103. In FIG. 4 (A), the heat dissipation
component 107 has a square shape as shown in FIG. 8. How-
ever, the shape of the heat dissipation component 107 is not
limited to a square shape. The shape can be appropriately
changed as long as the surface on which the semiconductor
element of the heat dissipation component is arranged is
larger than the heat generating surface of the semiconductor
element. A circle or polygon as shown in FIG. 9 to FIG. 13 for
example are specific examples of another shape of the heat
dissipation component.

As is shown in FIG. 4 (B), in the semiconductor device 100
related to the first embodiment, the surface of the heat dissi-
pation component 107 is not exposed on the surface of the
semiconductor device 100. The entire heat dissipation com-
ponent 107 is buried within the mold component, and the heat
conducted to the heat dissipation component 107 from the
semiconductor element 103 is transferred to the substrate 101
and the mold component 105, thermally conducted to the air
from the surface of the semiconductor device 100, thermally
radiated by a whole extent of the semiconductor device 100.
In addition, the heat conducted to the heat dissipation com-
ponent 107 from the semiconductor element 103 is thermally
conducted through the interior of the mold component and
transferred or thermally radiated from the surface ofthe semi-
conductor device 100, and thermally conducted to the mount-
ing board through the substrate 101 and solder balls 106.

In the conventional semiconductor devices 10, 20, 30,
because the mold component 5 with a low thermal conduc-
tivity lies in the dissipation path of heat generated from the
semiconductor element 103 heat is not sufficiently diffused in
the mold component 5 even in the semiconductor devices 20,
30 which are mounted on their upper parts with the heat
dissipation components 7, 31, sufficient heat dissipation
effects could not be obtained because the heat dissipation area
up to the heat dissipation components 7, 31 is limited. How-
ever, in the semiconductor device 100 related to the present
invention, by arranging the heat dissipation component 107
which includes a larger surface area than the area of the heat
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generating surface area of the semiconductor element 103
within the mold component 105 near the semiconductor ele-
ment 103, heat generated from the semiconductor element
103 is effectively diffused within the mold component 105 on
the semiconductor element 103 by the heat dissipation com-
ponent 107, that is, by increasing the heat dissipation area, it
is possible to improve heat dissipation of the semiconductor
device 100.

In this way, according to the present invention, by mount-
ing a heat dissipation component 107 with a higher thermal
conductivity and with a larger size than the semiconductor
element 103 on the semiconductor device 100, itis possible to
transfer heat generated from the semiconductor element 103
to the mold component 105 on the semiconductor element
103, in particular, by effectively diffusing heat in a horizontal
direction within the mold component 105, it is possible to
widen the heat dissipation area, that is, the heat dissipation
path, up to the surface of the mold component 105 and the
substrate 101 from the semiconductor element 103. There-
fore, it is possible to reduce the heat resistance 0 ja and 6 jc
more in the semiconductor device 100 related to the present
invention than the semiconductor devices 20, 30 in which the
heat dissipation components 7, 31 are exposed on the mold
component 5 as seen in the conventional semiconductor
device shown in FIG. 2 or FIG. 3.

EXAMPLE

The heat dissipation of the semiconductor in the example
of'the present invention is explained compared to a semicon-
ductor device having a conventional heat dissipation compo-
nent based on the heat analysis results shown in FIG. 14 to
FIG. 16.

FIG. 14 is a diagram which shows the results of analyzing
the semiconductor device heat resistance 0 ja [deg C/W]
based on a JEDEC standard using thermo-fluid analysis soft-
ware when the length of one side of the heat dissipation
component 107 having a square shape is changed to 10 [mm],
20 [mm] and 27.7 [mm], or when the thickness t of the heat
dissipation component 107 is changed to 0.3 [mm], 0.5 [mm]
and 0.7 [mm], in the structure of the semiconductor device
related to the present invention shown in FIG. 4.

In FIG. 14, the length of one side of the semiconductor
device to be analyzed in the present example and the conven-
tional semiconductor device is 31 [mm] and the length of one
side of the semiconductor element to be analyzed in the
present example and the conventional semiconductor device
is 8 [mm], and analysis was performed using a heat dissipa-
tion component comprised from Cu and having a square
shape as shown in FIG. 8. In addition, the numerical value of
each plot shown in FIG. 14 is as shown in FIG. 17. However,
the numerical value of the conventional example shown in
FIG. 14 is 0.3 [mm] thickness of the heat dissipation compo-
nent, 27.7 [mm] length of one side of the heat dissipation
component, and heat resistance 0 ja:9.3 [deg C/W] is shown
in the case where the thermal conductivity of the mold com-
ponent 105 is 3.1 [W/mK].

InFIG. 14, heat resistance 0 ja in the example of the present
invention when a heat dissipation component having one side
with a length of about 27.7 [mm] is used is about 14% 6 ja
which is less compared to a semiconductor device having the
conventional structure. In addition, because 0 ja in the case of
using a heat dissipation component with one side having a
length of about 27.7 [mm] in the conventional semiconductor
device is the same numerical value as 0 ja in the case of using
a heat dissipation component with one side having a length of
about 15 [mm] in the example of the present invention,
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according to the example of the present invention it is possible
to obtain the same heat dissipation effects as the conventional
device even if a smaller heat dissipation component is used
compared to the conventional semiconductor device.

Next, FIG. 15 is a diagram which shows the results of
analyzing the semiconductor device heat resistance 0 jc [deg
C/W]based ona JEDEC standard using thermo-fluid analysis
software when the length of one side of the heat dissipation
component 107 is changed to 10 [mm], 16 [mm], 20 [mm] and
27.7 [mm], or when the thickness t of the heat dissipation
component 107 is changed to 0.3 [mm], 0.5 [mm] and 0.7
[mm], in the structure of the semiconductor device related to
the present invention shown in FIG. 4.

In FIG. 15, the length of one side of the semiconductor
device to be analyzed in the present example and the conven-
tional semiconductor device is 31 [mm] and the length of one
side of the semiconductor element to be analyzed in the
present example and the conventional semiconductor device
is 8 [mm], and analysis was performed using a heat dissipa-
tion component comprised from Cu and having a square
shape as shown in FIG. 8. In addition, the numerical value of
each plot shown in FIG. 15 is as shown in FIG. 18. However,
the numerical value of the conventional example shown in
FIG. 15 is 0.3 [mm] thickness of the heat dissipation compo-
nent, 27.7 [mm] length of one side of the heat dissipation
component, and heat resistance 0 ja:1.74 [deg C/W] is shown
in the case where the thermal conductivity of the mold com-
ponent 105 is 3.1 [W/m K].

According to the analysis results of 6 jc shown in FIG. 15,
0 jc in the case of using a heat dissipation component in the
semiconductor device of the present invention with the same
dimensions as the heat dissipation component having one
side with a length of about 27.7 [mm], is about 42% lower
than 0 jc in the conventional structure. Therefore, in the case
where a heat dissipation component is used with roughly the
same size as a conventional component in the semiconductor
device in the example of the present invention, it is possible to
significantly reduce heat resistance compared to the conven-
tional semiconductor device.

Furthermore, FIG. 16 is a diagram in which the thermal
conductivity of the mold component 105 comprised of resin is
changedto 0.6 [W/mK], 1.0 [W/mK], and 3.1 [W/mK], orthe
thickness t of the heat dissipation component 107 is changed
to 0.3 [mm], 0.5 [mm], 0.7 [mm] in the structure of the
semiconductor device related to the present invention shown
in FIG. 14, and which shows the area ratio of a heat dissipa-
tion component which meets 0 ja in the case where a heat
dissipation component is used having one side with a length
of 27.7 [mm] in the conventional semiconductor device.

In FIG. 16, the length of one side of the semiconductor
device to be analyzed in the present example is 31 [mm] and
the length of one side of the semiconductor element to be
analyzed in the present example is 8 [mm], and analysis was
performed using a heat dissipation component comprised
from Cu and having a square shape as shown in FIG. 8. In
addition, the numerical value of each plot shown in FIG. 16 is
as shown in FIG. 19. The formula y<224.0x-0.5 described in
the upper right region of FIG. 16 shows the relationship
between the thickness: y [mm] of the heat dissipation com-
ponent in the example of the present invention, and the area
ratio: x with respect to the semiconductor element of the heat
dissipation component. The same formula shows the region
shown by the diagonal line in FIG. 16. The semiconductor
device which satisfies the xy numerical values in the same
formula includes excellent heat resistance effects compared
to the conventional semiconductor device. However, the
analysis results of FIG. 16 is simply an example which
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express the fact that the semiconductor device of the present
example includes excellent heat resistance effects compared
to the conventional semiconductor device. For example,
when the same analysis is performed using the semiconductor
device, which has a shorter size than the semiconductor
device of the present example which was the object of analy-
sis in FIG. 16, or in the case where the same analysis is
performed using the semiconductor device which uses amold
component having a higher thermal conductivity than the
semiconductor device of the present example used as the
object of analysis in FIG. 16, even in the case where the
thickness and area of the heat dissipation component is
smaller than the region shown by the diagonal line in FIG. 16,
it is possible to obtain the same heat dissipation effects as the
conventional semiconductor device.

In this way, according to the first embodiment of the
present invention, even when a heat dissipation component
having the same qualities as a conventional semiconductor
device is used, it is possible to obtain the same heat dissipa-
tion effects as a conventional device using a heat dissipation
component with a smaller area than a convention device. In
addition, because the entire surface of the semiconductor
device related to the present invention is covered by the mold
component 105, it is possible to improve heat emissivity from
the semiconductor device surface, visibility of a mark and
reduce external appearance defections of the semiconductor
device compared to the structure wherein the heat dissipation
component comprised from metal is exposed on the surface of
a conventional semiconductor device.

Second Embodiment

The semiconductor device 200 related to the second
embodiment of the present invention will be explained while
referring to the diagrams. The second embodiment of the
present invention explains an example where a spacer 201 is
arranged between the heat dissipation component 107 and the
semiconductor element 103 in the semiconductor device 100
related to the first embodiment.

FIG. 5 is a cross sectional diagram which shows a general
structure of a semiconductor device 200 related to the second
embodiment. Furthermore, in the semiconductor device 200
related to the second embodiment, the heat dissipation com-
ponent 107 is arranged between semiconductor elements 103
by a spacer 201. The remaining structure is the same as the
structure explained in the first embodiment, therefore, a
manufacturing method of the semiconductor device 200, and
diagrams and explanations with respect to the heat dissipation
of the semiconductor device 200 in the second embodiment
are omitted.

As is shown in FIG. 5, in the semiconductor device 200
related to the second embodiment, the heat dissipation com-
ponent 107 is arranged between semiconductor elements 103
by the spacer 201. As is shown in FIG. 5, the spacer 201 may
be mounted on a semiconductor element 103 within a semi-
conductor device with a similar structure as the semiconduc-
tor device 100 in the first embodiment in order to secure the
height of a bonding wire 104. Silicon for example may be
used as the material of the spacer 201. While an example is
shown in FIG. 5 wherein the spacer 201 is mounted between
the semiconductor element 103 and the heat dissipation com-
ponent 107 by an adhesive 102A, 102C, the adhesive 102A
which fixes the heat dissipation component 107 and the
spacer 201 to each other may be the same material as the
adhesive 102B which fixes the semiconductor element 103
and the substrate 101 together or an adhesive comprised of a
different material. However, the spacer 201 and the adhesive
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102A are better to be a material having good thermal conduc-
tivity. And a size of the spacer 201 (x, y size) is also better to
be large to the extent possible.

In addition, the shape of the spacer 201 in the second
embodiment of the present invention is not limited to the
shape of the spacer 201 shown in FIG. 5. The shape of the
spacer 201 may be any shape as long as it is possible to
maintain the height of the bonding wire 104 which connects
the semiconductor element 103 and the substrate 101. Other
structural elements and manufacturing method are the same
as in the first embodiment. According to the second embodi-
ment of the present invention, it is possible to obtain excellent
heat dissipation from the heat dissipation component 107 of
the present invention while maintaining the height of the
bonding wire 104 which connects the semiconductor element
103 and the substrate 101.

Third Embodiment

The semiconductor device related to the third embodiment
of the present invention will be explained while referring to
the diagrams. The third embodiment of the present invention
explains a structural example whereby a further semiconduc-
tor element 203 is arranged between the dissipation compo-
nent 107 and the semiconductor element 103 in the semicon-
ductor device 100 related to the first embodiment.

FIG. 6 is a diagram which shows a general structure of the
semiconductor device 300 related to the third embodiment.
Furthermore, in the semiconductor device 300 related to the
third embodiment of the present invention, a further semicon-
ductor element 203 is arranged between the dissipation com-
ponent 107 and the semiconductor element 103. The remain-
ing structure is the same as the structure explained in the first
embodiment, therefore, a manufacturing method of the semi-
conductor device 300, and diagrams and explanations with
respect to the heat dissipation of the semiconductor device
300 in the third embodiment are omitted.

As is shown in FIG. 6, in the semiconductor device 300
related to the third embodiment of the present invention, a
further semiconductor element 203 is arranged between the
dissipation component 107 and the semiconductor element
103. The number of semiconductor elements arranged on the
semiconductor device related to the present invention is not
limited to one. A plurality of stacked semiconductor elements
may be arranged. A cross sectional structure in the third
embodiment of the present invention whereby the semicon-
ductor elements are chip stack mounted is shown in FIG. 6.
Two stacked semiconductor elements 103 and 203 are elec-
trically connected by a connection terminal 301 such as a
solder bump, and the space between connection terminals is
molded by an underfill resin 202. The upper level semicon-
ductor element 203 is connected to the heat dissipation com-
ponent 107 by the adhesive 102A as in the first embodiment,
and the entire heat dissipation component 107 is molded by
being buried with the mold component 105.

In FIG. 6 an example is shown whereby the upper level
semiconductor element 203 is chip stack mounted on the
lower level semiconductor element 103. However, the stack-
ing structure of the semiconductor device related to the third
embodiment of the present invention is not limited to this
example. Other structural elements and manufacturing meth-
ods are the same as in the first embodiment.

According to the third embodiment of the present invention
it is possible to obtain a highly functional semiconductor
device which is mounted with a plurality of semiconductor
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elements and which has excellent heat dissipation by using
the heat dissipation component 107 of the present invention.

Fourth Embodiment

The semiconductor device 400 related to the fourth
embodiment of the present invention will be explained while
referring to the diagrams. The fourth embodiment of the
present invention explains an example whereby the structure
of the heat dissipation component in the semiconductor
device 100 related to the first embodiment is changed.

FIG. 7 (A) and FIG. 7 (B) are diagrams which show a
general structure of the semiconductor device 400 related to
the fourth embodiment. Furthermore, in the semiconductor
device 400 related to the fourth embodiment the heat dissi-
pation component 107 is comprised from a plurality of parts.
The remaining structure is the same as the structure explained
in the first embodiment, therefore, a manufacturing method of
the semiconductor device 400, and diagrams and explana-
tions with respect to the heat dissipation of the semiconductor
device 400 in the fourth embodiment are omitted.

As is shown in FIG. 7 (A) and FIG. 7 (B), in the semicon-
ductor device 400 and 500 related to the fourth embodiment,
the heat dissipation component includes of a plurality of parts
407A-D and 507A-D. In the semiconductor device related to
the present invention, the heat dissipation component may be
comprised of not just one but a plurality of parts. FIG. 7 (A)
and FIG. 7 (B) shows a cross sectional structure of the semi-
conductor device related to the present invention which is
mounted with a plurality of heat dissipation components. The
plurality of parts 407A-D or 507A-D are connected to each
other by 401 A-C which is an adhesive or thermal interface
material (TIM) etc., and the entire heat dissipation compo-
nent is molded by being buried within the mold component
105.

The heat dissipation component which is comprised from a
plurality of parts in the fourth embodiment may be stacked so
that the side surface of the heat dissipation component
includes bumps as is shownin FIG. 7 (A). In addition, the heat
dissipation component which is comprised from a plurality of
parts in the fourth embodiment may be stacked so that the side
surface of the heat dissipation component is flat as is shown in
FIG. 7 (B). Other structural elements and manufacturing
methods are the same as in the first embodiment.

According to the fourth embodiment of the present inven-
tion, it is possible to manufacture a heat dissipation compo-
nent having a desired height by stacking a plurality of parts
407A-D or 507A-D, and obtain a semiconductor device
which has the same effects as the first embodiment. In addi-
tion, by stacking with the center position of the plurality of
parts slightly misaligned so that the side surface of the heat
dissipation component includes bumps as is shown in FIG. 7
(A), it is possible to increase the adhesion area between the
heat dissipation component 107 and the mold component 105
and improve adhesion between the heat dissipation compo-
nent 107 and the mold component 105.

Fifth Embodiment

The semiconductor device related to the fifth embodiment
of the present invention will be explained while referring to
the diagrams. The fifth embodiment of the present invention
explains an example whereby the external shape of the heat
dissipation component 107 in the semiconductor device 100
related to the first embodiment is changed.

FIG. 8 to FIG. 13 are diagrams which show an example of
the external shape of the heat dissipation component 107
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which is arranged on the semiconductor device related to the
fifth embodiment. Furthermore, in the semiconductor device
related to the fifth embodiment, the surface of the heat dissi-
pation component 107 arranged on the semiconductor ele-
ment 103 is not flat. The remaining structure is the same as the
structure explained in the first embodiment, therefore, a
manufacturing method of the semiconductor device and dia-
grams and explanations with respect to the heat dissipation of
the semiconductor device in the fifth embodiment are omit-
ted.

The heat dissipation component arranged on the semicon-
ductor device related to the fifth embodiment may be a heat
dissipation component 700 shown in FIG. 8 having a square
external flat surface, or a heat dissipation component 800
shown in FIG. 9 having a round external flat surface, or a heat
dissipation component 900 shown in FIG. 10 having a regular
hexagonal external flat surface. While a heat dissipation com-
ponent 900 having a regular hexagonal shape is shown in FI1G.
10, the polygon shape of the heat dissipation component
arranged in the fifth embodiment is not limited to a regular
hexagonal shape. Other polygonal shapes are also possible.

In addition, the external shape of the heat dissipation com-
ponent arranged on the semiconductor device related to the
fifth embodiment may include bumps 1001, a plurality of
small round or polygonal dimples on the surface of the heat
dissipation component arranged on the semiconductor ele-
ment 103 as in the heat dissipation component 1000 shown in
FIG. 11, may include slits 1101 on the surface of the heat
dissipation component arranged on the semiconductor ele-
ment 103 as in the heat dissipation component 1100 shown in
the cross section in FIG. 12, or may include holes 1201 on the
surface of the heat dissipation component arranged on the
semiconductor element 103 as in the heat dissipation compo-
nent 1200 shown in the plane diagram in FIG. 13. Further-
more, the number of bumps 1001, slits 1101 or holes 1201
formed on the surface of the heat dissipation component
arranged on the semiconductor element 103 may be one or a
plurality. Other structural elements and manufacturing meth-
ods are the same as in the first embodiment.

According to the fiftth embodiment of the present invention,
by making the surface of the heat dissipation component
arranged on the semiconductor element 103 not flat, it is
possible to improve adhesion between the not flat surface of
the heat dissipation component and the adhesive 102A, and
obtain a semiconductor device with improved adhesion
between the semiconductor element 103 and heat dissipation
component.

Furthermore, the heat dissipation component shown in the
first to fifth embodiments may also be formed from silicon.
By using silicon which has an excellent thermal conductivity
as the material of the heat dissipation component 107 it is
possible obtain a semiconductor device which has excellent
heat dissipation by using the heat dissipation component of
the present invention.

Sixth Embodiment

The semiconductor device related to the sixth embodiment
of the present invention will be explained while referring to
the diagrams. The sixth embodiment of the present invention
explains an example in which a plurality of semiconductor
elements 103 in the semiconductor device 100 related to the
first embodiment are aligned. Furthermore, in the semicon-
ductor device 600 related to the sixth embodiment, a plurality
of semiconductor elements 103 are aligned and arranged on
the same substrate 101. The remaining structure is the same as
the structure explained in the first embodiment, therefore, a
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manufacturing method of the semiconductor device 600 and
diagrams and explanations with respect to the heat dissipation
of the semiconductor device 600 in the sixth embodiment are
omitted.

FIG. 20 (A) and FIG. 20 (B) show a general structure of the
semiconductor device 600 related to the sixth embodiment.
FIG. 20 (A) is a plane diagram which shows a general struc-
ture of the semiconductor 600, and FIG. 20 (B) is a cross
sectional diagram of the semiconductor device 600 seen from
the line B-B'shown in FIG. 20 (A). The semiconductor device
600 is arranged with a substrate 101, a plurality of semicon-
ductor elements 103 which are aligned and arranged on the
substrate 101 by an adhesive 102B, a heat dissipation com-
ponent 107 arranged on the semiconductor element 103 by an
adhesive 102A, and a mold component 105 covering the
upper part of the substrate 101, the semiconductor elements
103 and the heat dissipation component 107. While an
example in shown in FIG. 20 in which two semiconductor
elements 103 are arranged, the number of aligned and
arranged semiconductor elements 103 is not limited to two.

According to the sixth embodiment of the present inven-
tion, in a semiconductor device 600 arranged with a plurality
of aligned semiconductor elements 103, by mounting one
heat dissipation component 107 with has a high thermal con-
ductivity and is larger than the semiconductor elements 103,
on the plurality of semiconductor elements 103, it is possible
to transfer heat generated from each semiconductor element
103 to the mold component 105 on each semiconductor ele-
ment 103, and by effectively diffusing the heat in a horizontal
direction with the mold component 105, it is possible to
widen the heat dissipation area, that is, heat dissipation path,
from each semiconductor element 103 up to the surface of the
mold component 105.

Seventh Embodiment

A semiconductor device related to the seventh embodiment
of'the present invention includes a substrate, a semiconductor
element arranged on the substrate, a heat dissipation compo-
nent arranged on the semiconductor element, and a mold
component covering an upper part of the substrate, the semi-
conductor element and the heat dissipation component,
wherein an area of a surface arranged on the semiconductor
element of the heat dissipation component may be larger than
an area of a surface on which the heat dissipation component
of the semiconductor element is arranged.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the heat dissi-
pation component may be formed from silicon.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the heat dissi-
pation component may be formed from one or a plurality of
stacked parts.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the shape of a
side surface of the heat dissipation component may include
bumps.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the shape of a
side surface of the heat dissipation component may be flat.

In addition, in the semiconductor device related to the
seventh embodiment ofthe present invention, the relationship
between the surface area x of a surface arranged on a semi-
conductor element of the heat dissipation component with
respect to the area of a surface on which a heat dissipation
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component of a semiconductor element is arranged, and
thickness y of the heat dissipation component may be
y=224.0 x-0.5.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the heat dissi-
pation component may be fixed on the semiconductor ele-
ment by an adhesive.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the heat dissi-
pation component may be fixed on a semiconductor element
which is stacked on a semiconductor element by an adhesive.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the heat dissi-
pation component may be fixed on a spacer which is stacked
on a semiconductor element by an adhesive.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the adhesive
may be grease.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the adhesive
may be a thermal interface material.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, the adhesive
may be a paste.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, a surface of the
heat dissipation component which is arranged on the semi-
conductor element may be not flat.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, a surface of the
heat dissipation component which is arranged on the semi-
conductor element may include bumps.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, a surface of the
heat dissipation component which is arranged on the semi-
conductor element may include slits.

In addition, in the semiconductor device related to the
seventh embodiment of the present invention, a surface of the
heat dissipation component which is arranged on the semi-
conductor element may include holes.

The invention claimed is:

1. A semiconductor device comprising:

a substrate;

a semiconductor element arranged on the substrate;

a spacer arranged on the semiconductor element by an

adhesive;

amold component covering an upper part of the substrate,

the semiconductor element and the spacer and

a heat dissipation component arranged on the spacer, only

on one side of the semiconductor element, and buried in
the mold component, the heat dissipation component
being a metal material,
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wherein an area of a surface of the heat dissipation com-
ponent is larger than an area of a surface of the semicon-
ductor element on which the spacer is arranged.

2. The semiconductor device according to claim 1, wherein
the heat dissipation component includes one or a plurality of
stacked parts.

3. The semiconductor device according to claim 2, wherein
a surface of the heat dissipation component which is arranged
on the spacer is not flat.

4. The semiconductor device according to claim 1, wherein
the adhesive is a first adhesive and wherein the heat dissipa-
tion component is fixed on the spacer by a second adhesive.

5. The semiconductor device according to claim 4, wherein
the second adhesive is grease, a thermal interface material or
a paste.

6. The semiconductor device according to claim 5, wherein
a surface of the heat dissipation component which is arranged
on the spacer is not flat.

7. The semiconductor device according to claim 4, wherein
a surface of the heat dissipation component which is arranged
on the spacer is not flat.

8. The semiconductor device according to claim 1, wherein
the adhesive is a first adhesive and wherein the spacer is fixed
on another semiconductor element which is stacked on the
semiconductor element by a second adhesive.

9. The semiconductor device according to claim 8, wherein
the second adhesive is grease, a thermal interface material or
a paste.

10. The semiconductor device according to claim 9,
wherein a surface of the heat dissipation component which is
arranged on the semiconductor element includes bumps.

11. The semiconductor device according to claim 9,
wherein a surface of the heat dissipation component which is
arranged on the semiconductor element includes slits or
holes.

12. The semiconductor device according to claim 8,
wherein a surface of the heat dissipation component which is
arranged on the spacer is not flat.

13. The semiconductor device according to claim 1,
wherein the adhesive is grease, a thermal interface material or
a paste.

14. The semiconductor device according to claim 1,
wherein a surface of the heat dissipation component which is
arranged on the spacer is not flat.

15. The semiconductor device according to claim 1,
wherein the heat dissipation component is embedded by the
mold component.



